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Tracheo-innominate artery ﬁstula is fatal unless treated surgically. We describe our surgical approach and results in seven
patients. The average patient age was 15.7 years; all patients had prior severe neurological deﬁcits. Three of seven patients
were in hemorrhagic shock; control of preoperative bleeding was achieved with tracheostomy tube cuff overinﬂation. The
innominate artery and the trachea were exposed through a collar incision and partial upper sternotomy. The innominate
artery was divided at the aortic arch and at the bifurcation, with one exception. Cerebral blood ﬂow was monitored by the
blood pressure difference in the bilateral upper extremities and by near-infrared spectroscopy. The tracheal ﬁstula was left
adherent to the innominate artery in all but one patient. All patients were discharged without new neurologic deﬁcits or
severe morbidity. Overall survival was 84% at 37 months, without any vascular, tracheal, or neurological events. (J Vasc
Surg 2014;59:1163-7.)A rare, but serious complication of tracheostomy is the tracheostomy and the diagnosis of TIF was 48.6 months
development of a trachea-innominate artery ﬁstula (TIF).
This condition is inevitably fatal unless treated surgically,
and even after treatment, the morbidity and mortality
remain high. Early diagnosis is difﬁcult, as is appropriate
perioperative management and the surgical procedure
itself.1 Although there are some case reports of successful
treatment, there are few clinical research papers dealing
with the condition,2,3 and no studies have reported long-
term outcomes after surgery. We investigated whether
our surgical technique is an appropriate treatment for
TIF, based on patients’ short- and long-term results.
METHODS
Patient characteristics. Emergency surgery was per-
formed in seven patients with TIF between May 2003
and September 2011. The mean patient age was 15.7 years
(range, 5-32 years); three patients were male, and four
were female. All patients had severe neurological deﬁcits
prior to the appearance of TIF: three patients had cerebral
palsy, one had myoclonus epilepsy, one had agenesis of
the corpus callosum, one had cerebral contusion, and one
had muscular dystrophy. The mean duration betweenthe Department of Thoracic and Cardiovascular Surgery, Faculty of
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in all patients; three patients experienced hemorrhagic
shock (Table I).
TIF diagnosis. The diagnosis of TIF was made based
on clinical and computed tomography (CT) ﬁndings.
Patients had sudden arterial bleeding from a tracheostomy
tube and the radiographic ﬁnding of innominate artery
compression by the trachea.
Operative technique. Preoperative hemostasis was
achieved in the emergency department in all patients with
over-inﬂation of a tracheal tube cuff (GB Adjustﬁt
Tracheostomy Tube; Fuji Systems Corporation, Tokyo,
Japan); the tracheal cannula consisted of a wired silastic
tube with an adjustable wing (Fig 1). The inﬂation of the
tracheostomy balloon was done blindly. There was no set
volume instilled in the balloons; they were inﬂated until the
bleeding stopped (Fig 1). After achieving temporary
hemostasis and reaching a deﬁnitive diagnosis, emergency
surgery was performed. A right supraclavicular collar inci-
sion and an upper median sternotomy was performed, with
extension into the right second or third intercostal space.
The innominate artery, the right common carotid artery,
the right subclavian artery, and the trachea were exposed
(Fig 2), and the location of the TIF was conﬁrmed.
Cerebral blood ﬂow was monitored using the blood pres-
sure difference between the bilateral radial arteries and by
the use of regional cerebral oxygen saturation (rSO2), as
determined by near-infrared spectroscopy (TOS-96 Brain
Oximeter; TOSTEC Co Ltd, Tokyo, Japan). A 3-minute
test clamp of the innominate artery was used to perform
these tests. The innominate artery was divided, both
proximally and distally relative to the ﬁstula, if there was no
evidence of signiﬁcant laterality (ie, the systolic pressure
difference was within 30 mm Hg, and the rSO2 within1163
Table I. Preoperative patient characteristics
Patient Age, years/gender Predisorder Tracheostomy, months Prebleeding Shock
1 10/female Myoclonus epilepsy 40 Yes No
2 16/male Cerebral palsy 60 Yes Yes
3 5/female Agenesis of the corpus callosum 7 Yes No
4 5/female Cerebral palsy 5 Yes Yes
5 13/female Cerebral contusion 12 Yes Yes
6 29/female Cerebral palsy 73 Yes No
7 21/male Muscular dystrophy 143 Yes No
Mean 15.7 48.6
Fig 1. Tracheal tube for hemostasis. A tracheal tube used for hemostasis (left) and a schematic of this method
obtaining temporary hemostasis (right).
Fig 2. Operative ﬁndings. A right supraclavicular collar incision and upper median sternotomy with extension into the
right second intercostal space (ICS, left). The innominate artery, ascending aorta, and trachea are exposed (right).
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a running 5-0 polypropylene suture, carefully maintaining
the continuity between the right common carotid and the
subclavian artery. If the systolic radial pressure and rSO2
showed laterality, we would have performed innominate-to-innominate or innominate-to-right common carotid
artery bypass. As a general principle, the intervening arterial
segment was not dissected off the anterior wall of the trachea
but rather used for tracheal closure plasty. Adjacent viable
tissue (thymus or adipose tissue)was used to cover all sutures
Table II. Operative results





1 Division Patch closure None No change NA
2 Division Left with artery None No change NA
3 Division Left with artery None No change Rt Y
4 Division Direct closure None No change Rt/
5 Division Left with artery None No change NA
6 Division Left with artery None NA NA
7 Bypass to right common carotid artery Left with artery None NA NA
CT, Computed tomography; NA, not applicable.
Fig 3. Long-term results.
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decreased cerebral blood ﬂow on clamping, a bypass from
the innominate artery to the right carotid artery, rather than
arterial division, was performed; an expanding polytetra-
ﬂuoroethylene graft was used. Mechanical ventilation was
continued through the tracheostomy tube, with the cuff
positioned below the ﬁstula. Patients were transferred to the
intensive care unit after surgery, where they remained until
their respiratory condition was stable.
Follow-up. The follow-up rate was 100%, with a mean
follow-up period of 37 months (range, 3-103 months). All
patients were followed with routine clinical examinations
after hospital discharge.
Statistical analysis. Long-term survival was calculated
using the Kaplan-Meier method, using Statistical Package
for the Social Sciences (SPSS) software, version 19 (SPSS;
IBM, Armonk, NY).
RESULTS
Operative results. The innominate artery was divided
in six patients. A bypass from the innominate artery to the
right carotid artery was performed in one patient who had
a 30 mm Hg decrease in the right upper extremity after the
innominate artery test clamp; this patient had muscle
dystrophy with no defects in consciousness. In six patients,
the tracheal ﬁstula was left adherent to the innominate
artery; the tracheal defect was closed with a pericardial
patch in the remaining patient. All patients were discharged
without new neurological complications. In four patients,
head CT veriﬁed that there were no new abnormal ﬁnd-
ings. Cerebral blood ﬂow scintigraphy was performed in
two patients; one demonstrated no laterality in cerebral
blood ﬂow, and the other had slightly decreased ﬂow to
the right hemisphere (Table II).
Long-term results. One patient died of acute pancre-
atitis 16 months after TIF repair. The survival rate was 83%
at 37 months (the mean follow-up period). No patients
experienced vascular, tracheal, or neurological events
during the follow-up period (Fig 3).
DISCUSSION
Although there have been many case reports of early-
onset TIF dating from the 1970s, some more recent
reports have described patients with late-onset TIF; inparticular, TIF occurring after laryngotracheal separation
and tracheostomy in patients with severe neuromuscular
disorders.4 In patients with neuromuscular disorders, the
conditions of tracheostomy, long-term mechanical ventila-
tion, and spinal deformities are known to contribute to
erosion in the tracheal wall and subsequent TIF.5 The inci-
dence of late-onset TIF is likely to increase as treatment
for patients with severe neuromuscular disorders improves,
and the patients’ life spans subsequently increase. It is
therefore important to establish a deﬁnitive treatment
strategy for TIF.
TIF outcomes are largely dependent upon a timely
diagnosis, immediate control of hemorrhage, maintenance
of a patent airway, and the type of repair performed. The
diagnosis of TIF is based on clinical suspicion; arterial
bleeding in patients with tracheostomies is a key diagnostic
feature. Nonlife-threatening premonitory airway bleeding
may precede massive bleeding and should not be missed,
as any delay in diagnosis puts the patient at risk for recur-
rent bleeding and exsanguination. CT ﬁndings, in which
the innominate artery is displaced by the trachea, conﬁrm
the diagnosis of TIF.
Controlling hemorrhage and maintaining a patent
airway are the goals of initial treatment. In a report of 37
patients, 12 died because of hemorrhage control and
airway security failure, giving a preoperative mortality of
32%.1 Various techniques have been reported to control
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cannula with a wired silastic tube and an adjustable wing,
adjusting the position of the cuff and using cuff over-
inﬂation to provide hemostasis. We were able to control
the curvature of the tube and the length between the
wing and the tip of the cannula6; temporary hemostasis
was achieved in all patients.
Various surgical approaches are employed in TIF
repair. The most commonly used incision is a median ster-
notomy, although two other approaches have been re-
ported: an upper median sternotomy with extension into
the right third or fourth intercostal space, extending the
tracheostomy wound to the right,2,7 and a right anterior
third-interspace thoracotomy with a separate neck inci-
sion.7 Although a full median sternotomy provides the
best exposure for the entire supra-aortic trunk, the
approach also carries the risk of both mediastinitis and graft
infection; a 39% incidence of sternal wound complications
has been reported in patients with tracheostomy and
median sternotomy.8 Our method, a right supraclavicular
collar incision and upper median sternotomy, with exten-
sion into the right second or third intercostal space, is sufﬁ-
cient for exposure of the entire innominate artery and
trachea and carries a much lower risk of mediastinitis and
graft infection than full median sternotomy. None of our
patients experienced infectious complications.
Various methods have been reported to deal with the
innominate artery, including resection or ligation of the
artery1,3,7 and reconstruction of the antegrade cerebral
blood ﬂow using an anatomical s2,7,9 or extra-
anatomical bypass. Maintenance of blood ﬂow can be
accomplished either with direct repair of the defect or
by interposition grafting. There are reports of fatal
outcomes due to re-bleeding after attempts to preserve
the ﬂow in the innominate artery, using direct sutures
or prosthetic material in an infected area.1,10 In addition,
it is possible that these methods could introduce critical
graft infection and subsequent TIF recurrence. Interrup-
tion of ﬂow is another option, and is accomplished by
simple ligation, division, or resection of the innominate
artery while attempting to preserve the right carotid-
right subclavian junction. Ligation or division of the
innominate artery is associated with a risk of brain
ischemia; we therefore routinely monitor bilateral radial
artery pressure and cerebral blood ﬂow using near-
infrared spectroscopy. This is a simple, noninvasive, and
reproducible method for monitoring cerebral perfusion
that provides continuous data. Samra et al reported that
a 20% decrease in rSO2 from the preclamp value is the
cutoff point at which the patient is deemed at risk for
cerebral ischemia with carotid artery cross-clamping.11
Carotid stump pressure monitoring has been reported as
an alternative method of determing cerebral blood ﬂow,
and a signiﬁcant correlation between rSO2 and this pres-
sure measurement has been determined.12 We conﬁrmed
that no signiﬁcant right cerebral blood ﬂow reduction
existed in all but one of our patients before proceeding
with division of the innominate artery; the single patientwith evidence of decreased cerebral blood ﬂow underwent
a bypass from the innominate artery to the right carotid
artery, using a polytetraﬂuoroethylene graft reinforced
with rings. In all patients, including the six with innomi-
nate artery division, no new neurologic deﬁcits and no
new abnormal CT ﬁndings were recognized either post-
operatively or during long-term follow-up. These ﬁndings
conﬁrm that our method of innominate artery division is
safe and appropriate for TIF repair. Gelman et al10 re-
ported 19 TIF survivors who underwent operative inter-
vention maintaining ﬂow through the innominate artery;
only 15.8% survived long-term. They also described 52
TIF survivors who underwent procedures that interrupted
ﬂow through the innominate artery; 71.2% survived long-
term. These data support our ﬁndings.
Controversy exists as to the appropriate management
of tracheal stomata after resection or ligation of the innom-
inate artery.10 Some authors propose that the stoma be left
unrepaired,3,13 while others have advocated direct closure
with a pleural, muscle, or adjacent soft tissue ﬂap.2,9 In
acute TIF, adhesions between the innominate artery and
the trachea are immature. However, in late-onset cases,
the innominate artery may be severely adherent to the
trachea, with inﬂammatory tissue interposed between the
structures. The division is difﬁcult in this case, and carries
the risk of mediastinitis and graft infection. The innominate
artery itself is the best material for ﬁstula coverage, and
therefore should not be divided from the ﬁstula in late-
onset situations.
In the current era of endovascular treatment, stenting
of the innominate artery may be an option for TIF treat-
ment.14,15 The endovascular approach offers a valuable,
less invasive alternative for patients with TIF. The tech-
nology of endovascular stents is evolving; the risk of infec-
tion is still present, with potentially catastrophic results
including re-bleeding. The use of a stent can be a tempo-
rizing measure before a more deﬁnitive surgical procedure
is carried out.
There are no detailed reports describing long-term
results after surgery for TIF repair. In a review article,
only 24% of 24 total patients survived 2 months postoper-
atively.1 Our much better long-term results validate our
surgical strategy.
The mortality for TIF is extremely high; therefore, the
ideal management of TIF is its prevention. Several factors
contribute to the formation of a TIF, including tracheosto-
mies performed below the third or fourth tracheal rings,
over-inﬂated cuffs, and positive-pressure ventilation.2,5
These conditions should be avoided, especially in neck
vessel anomalies and spinal deformations.5
Our study does have some limitations. Our patient
population already had signiﬁcant neurological compromise
and potentially altered cerebral blood-ﬂow requirements.
Innominate ligation without reconstruction would prefer-
ably be performed in patients without neurological disease,
however, innominate ligation is the safest method in the
devastating situation of a TIF. If test clamping of the innom-
inate artery causes a signiﬁcant decrease in ﬂow to the right
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with a prosthetic graft. In addition, our patients were
a very young cohort and had the physiologic reserve to
tolerate signiﬁcant blood loss and emergency operation.
This may well have been a factor in our ability to salvage
all patients.
CONCLUSIONS
Preoperative temporary control of bleeding in patients
with TIF is crucial; an adjustable tracheostomy tube is very
useful for this purpose. Division of the innominate artery
under cerebral blood-ﬂow monitoring is safe and appro-
priate for deﬁnitive TIF treatment. When adhesions
between the innominate artery and the trachea are severe,
separation of the innominate artery from the trachea is
not required.
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